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ABSTRACT
This investigation sought to determine if a quicksetting type
lithographic ink printed into the bind edge of an adhesive bound
product influences adhesion at the spine in a negative manner.
The testing system included four (4) paper lots; two (2) coated and two
(2) uncoated, five (5) ink levels; 0.0 to 2.2 (10 percent) solid ink density,
and three (3) testing times.
Two (2) methods were chosen to test variables. The first was considered
a traditional, practical method of binding book blocks which included
selected test units that were later pulled from the block. The second
method sought to simulate the adhesive bind condition through
lamination of a test unit, hotmelt and an internally strong base paper.
Although a quick test of this sort would be valuable from a production
quality control viewpoint, further experimentation and analysis
indentified this configuration as not being a valid predictor for the
pagepull test, at this time.
Based upon the results gathered from this investigation using a pagepull
technique, the statement tying a quicksetting type lithographic ink to a




Regardless of the image generation techniques and other subsequent
prepress operations, the printed substrate must be converted into a
marketable form for the consumer. A very popular finishing method
for multipage publications that provides a clean and neat book type
format with excellent production efficiency is adhesive binding. This
investigation examines the possible failure of adhesive bound
products that are sheet printed with quicksetting type lithographic
inks. The merging of the ink and a hotmelt adhesive occurs if a
nonimage area corresponding to the spine of the book is not
designated on the press sheet. It is hypothesized that a loss in
adhesion is related to the components within the ink, as well as the
loss in mechanical linkage to the paper surface.
The use of quicksetting type inks is a necessity for commercial and
some publication sheetfed lithography due to increased press speeds,
use of smooth coated papers and lack of an external drying
mechanism; each common threads of increased productivity with
higher quality. Without quicksetting formulations, the economic
advantages of advanced press engineering and paper manufacture
would be meaningless.1 In general terms, they are designed for rapid
intial setting so that the image will resist marking and setoff upon
delivery and stacking down of the lift. Does the adhesive/ink or
adhesive/paper interface present an inherent difference in the
adhesion of the book block and its implied quality?
One experiment published in TAGA 1972 by Leekley, Becher, Denzer,
and Tyler ofThe Institute of Paper Chemistry Appelton,Wisconsin
dealt with the bindability of unprinted sheets but suggested that,
"Further tests should include binding of printed pages which bleed to
With reference to an adhesive binding system, A. Furler, a prominent
European authority on adhesive binding systems states, "Printing ink,
particularly its constituents which contain oil, cause damage which only
becomes apparent later".2 However, even for a full color crossover
image it is not necessary to bleed fully into the bind edge if it is
planned that the productwill be adhesive bound. The clamping action
inherent of this binding process limits vision to a degree into the bind
area.3
As a basis for selecting components that are truly representative of the
industry, ink and adhesive suppliers, as well as sheetfed lithographers
and trade binders were consulted. The purpose of this investigation was
to test the degree to which total adhesion of the leaves of an adhesive
bound product are impacted by a varying image printed with a
quicksetting lithographic ink. In addition, a nonstatistical comparision
was drawn between the two adhesive application methods and the
identified testing methods. It is not within the scope of this work to
advise upon the soundness of ink and adhesive formulae, due in part to
the disparity among them.
In preview ofwhat is to follow; CHAPTER IIwill discuss the theories that
underlie adhesive binding and the interaction between the system
components; CHAPTER III looks at previously published literature that
relates to this work; CHAPTER IV will present the testable hypotheses;
CHAPTER V will describe the factors involved in the experiment, as well
as the procedure for testing and collecting the data; CHAPTER VI will
provide the results of the data via the statistical analysis used; and will




1 Wilson, Lawrence, Lecture to Research Methods Class 872,
Rochester Institute of Technology,(Rochester, NY, February,16 1988).
2 Furler, A., "The Principles ofAdhesive Binding: Techniques,
AdhesiveSystems, Paper TestingMethods and Design Considerations
Affecting Job Planning", (Zofingen, Switzerland, October 1986), pl6





To initiate discussion on the topic to be investigated, several prominent,
general theories on adhesion are cited in the literature. They include the
mechanical interlocking, adsorbtion, diffusion and electronic theories.4
Kinloch, as well as a wealth of references cited, initially stress that each
of the theories hinge on the sufficient wetting between the adhesive
and the adherend or substrate.5 It is generally accepted that a liquid
possessing an interior contact angle of0-
90
to the surface it contacts is
said to wet the surface, meaning the liquid adhesive has the ability to
spread over the adherend with little chance leaving voids as it
progresses. If a contact angle of
0
is achieved by the liquid, it will
spread spontaneously over the surface
~ an ideal situation if




is said to be
non-wetting to the surface. A non-wetting adhesive implies poor "self
spreadability"
as depicted by the
"beading"
of water on a waxed paper.
If an adhesive is unable to wet the adherend, anticipated adhesion
undermost circumstances will be poor. Although the contact angle of
the liquid/solid is important, most adhesive binding systems provide
additional, forced wetting through the application procedure.
Due to the complex nature of an adhesive as it interacts with the
substrate being adhered, coupled with the surface chemistries of both
materials, it is doubtful that adhesion is based solely on one of the
mechanisms stated above. Therefore, it becomes increasingly difficult to
accurately differentiate the contributions
of each to the overall
separation force required. In addition to the adhesion mechanisms, the
geometry of the testing system, as well as the
inherent physical
behavior of the materials influence the effective force of
separation.6
With this information in mind, it must be understood that this
investigation is not attempting to isolate and measure the
most
fundamental sources of adhesion, but to correlate possible loss in
adhesion to specific independent variables. As will be discussed in the
next section, the general nature of paper lends itself rather directly to
the mechanical interlocking theory; Samuel Gilbert states;
Considering the wide divergence ofmaterials that will adhere to
paper, it is most probable that adhesion to paper is primarly due
to mechanical effects.7
This theory of adhesion is based upon the adhesive flowing into the
irregularities of the surface being adhered. In isolation, a rough surface
with a physical profile of peaks and valleys provides increased surface
area, but it does not lend support to this theory. What is required of the
surface are points of negative draft;8 analagous to a dovetail wood joint
used in finer cabinetmaking.When the adhesive flows into these points
and subsequently resolidifies, it is physically locked onto the surface.
The components for this investigation include a commercially available
hotmelt adhesive, a quicksetting lithographic ink, and four groundwood
free papers. As a system, interactions between each of the components
take place.
ADHESIVE BINDING: PAPER COMPONENT
The most fundamental working principle of this system hinges on the
fact that paper is a mat of bonded cellulose fiber layers. The internal
and external structure of the paper is porous relative to the amount of
filler and other non-fibrous additives placed into the pulp slurry, the
amount of coating or pigment applied to the surface,
as well as the
subsequent machine finishing operations. Non-fibrous additives may
include clay, calcium carbonate and titanium dioxide, among others.
These additives are worked into the paper furnish for the brightening
and opacifying properties they possess. It is the
relative openness and
irregularities of the papers z-dimension, a directional measure of the
papers caliper, and its surface that allows the ink and the hotmelt
adhesive to flow around the paper fibers. Although the face surfaces are
not immediately exposed to the adhesive, proper preparation of the
spine of the book block, the adhesive viscosity and binder pressure
adjustments are aimed at creating a situation where the adhesive has
the opportunity for obtaining a slight bonding area with the face. Based
upon work cited in the literature review that documents increased
pagepull values as surface roughness increases, the researchers
conclude that the adhesive must be penetrating, to some degree,
between the individual sheets of the book block.
Included in CHAPTER V are scanning electron microphotographs (SEMs) of
the paper lots included in this investigation. It is easily observed from
the antique finish sheet that the surface topography is suitably rough
and contains points of negative draft where the cellulose fibers bridge
from one bonding point to another. The dull coated sheet depicts a much
more difficult surface to mechanically bind to. The adsorbtion theory,
which states that bonding occurs due to the molecular activity at the
points of contact of the two materials, more suitably characterizes
adhesion in this case than does the mechanical interlocking theory.
ADHESIVE COMPONENT
Hotmelt adhesives are thermoplastic compounds which are made up of
relatively high molecular weight polymers and various additives. The
polymer, the main ingredient in the product, provides the "strength
component"
of the hotmelt adhesive, due in part to its high cohesive
strength. However, the polymers generally used have too high a
working viscosity suitable for proper
application to the book blocks in a
binding
line.9 It is necessary, as with the manufacture of inks, that
additives be incorporated into the formulation. In the case of hotmelt
adhesives, the additives alter the physical flow properties of the
polymer for more efficient application. Some of the additives include;
tackifiers, which aide in the adhesion and wetting characteristics of the
product, plasticizers; that add necessary flexibility to the finished books,
fillers; which allow formore economical production of the product and
stabiliziers; that aide in hindering premature aging due primarily to
exposure and improper running
conditions.10
Upon heating this solid (approximately 24o-l90C/75o-375F), the activity
of the molecules increases and results in a significant loss in viscosity.11
This allows the material to flow as a liquid to the irregularities of the
paper surface as one molecule is able to
"slide"
past another. Viscosity
of the heated adhesive is very critical, and is a measure of a materials
resistance to flow over time. A low viscosity implies a very thin liquid
and a high viscosity, a thick liquid. If the viscosity is too low, due to
excessive glue pot temperature, beyond the recommended range, an
insufficient layer of adhesive will adhere to the spine. Generally, a layer
of .017-.022 inches is a good standard,12 although the majority of this
amount is necessary to provide rigidity and support for the pages at the
binding edge. If the viscosity is too high, the material will not work the
paper fibers it is exposed to. In both cases an insufficient bond could
result. Viscosity varies significantly with the applied heat; for example
175C/347F may relate to a hotmelt viscosity of 4000 centipoise
and
200C/392F yields 2000
centipoise.13 Poise, as a unit, is defined as a
number of dynes/cm2, where a dyne is the force required to accelerate
a free mass of one gram, 1
cm/sec2.14 APPENDIX ill characterizes the
viscosity of the hotmelt used for this
investigation.
As the heat is dissapated from the hotmelt, the thermoplastic materials
in the adhesive increase in viscosity to the point where they return to a
solid form. Therefore, where negative draft or undercuts were
encountered, this solid mass has physically interlocked
with the surface,
as well as establishing bonds at the
molecular level.
The positive correlation between surface roughness and porosity to flex
and pull test values is well documented in Johansson and Mendel-
Hartvig's investigation published in 1979, as well as Leekley, Becher,
Denzer, and Tyler's research of 1972. The work ofGross, 1981 and
Korhonen, 1977 also exhibit a high correlation between surface
roughness and absorbtion to pagepull values.
INK COMPONENTOFTHETEST SYSTEM
Inks perform in a similar manner as a hotmelt adhesive since they too
are able to flow and take the shape of the voids in paper. Due to the fact
that this investigation concentrates on commercial sheetfed lithography,
the use of a quicksetting type ink is dealt with exclusively. For further
clarification in this work, commercial sheetfed lithography implies
single color line and halftone images through four color process work on
groundwood free coated and uncoated papers.
The major components of a quickset system include the desired pigment
and a vehicle. The vehicle is formulated to carry the pigment and
various modifiers prior to printing and subsequently bind them to the
surface. Natural and synthetic resins, drying and semi-drying oils,
commonly linseed or rung oil and soya bean oil, respectively, as well as
low viscosity hydrocarbon solvents combine to form the quickset
vehicle. Othermaterials generally classified as modifiers include; driers,
wax compounds, lubricants, anti-oxidants, surfactants, and anti-setoff
pastes, among others.
COMMONLY USED RESINS FOR QUICKSETTING VEHICLES
Common types of natural/synthetic resin combinations used in
quicksetting vehicles are based upon rosin modified phenolic and alkyd
resins. Individually, the resins possess the properties of solubility in the
drying and semi-drying oils, but have limited solubility in the required
solvent
component.15 The phenolic resin is characterized by providing a
hard, glossy and chemically resistant film when it crosslinks with the
drying oil portion of the vehicle that ultimately binds the pigment
beneath its surface. The alkyd resin and rosin (natural resin) also
contribute similar characteristics.
Presently, the necessary introduction of solvents into a quicksetting
vehicle system is accomplished with aliphatic solvents combined with
up to 24% aromatic content which are of a relatively higher solvency
power.16 These stronger solvents are useful since they reduce viscosity
with little effect on tack rating and provide additional compatibility to
the resin/oil portion of the vehicle system. This increased compatibility
is characterized by the resin/oil being more soluble in the solvent.17 A
further increase in aromatic content, that may be absorbed by the
system without the adverse effect of excessive evaporation of the
solvent component in the ink train, occurs as press speeds increase
since "dwell
time"
in the inking system is
reduced.18
Although the stronger solvent provides visible benefits to the printing
condition, it has been found thatmost hotmelts commonly used in the
binding industry are susceptible to degradation by these components.
"RECENT AND FUTURE
TRENDS"
It was noted as a "recent and future
trend"
in the ink formulations
industry, that solvents for quicksetting vehicle systems are becoming
available which are low to zero percent aromatic content (0-6%).
19 This
advancement is paralleled by the development of new resin systems
which have greater solubility in weaker solvents. The search for such
resins comes also as a result of safety concerns. However, at the time of
this writing, awareness of the degree to which these new raw materials
are available to the ink manufacturer and at what assumed additional
cost dictating printers use, is unknown.
10
WAX AS AN INK MODIFIER
In addition to the vehicle and pigment, modifiers of various types are
the final components of an ink. Although these modifiers provide
necessary printing and shipping properties, they possess the potential
of causing problems on adhesive bindings.
Polyethylene and polytetrafluoroethylene (Teflon Du Pont) are two
commonly used synthetic wax compounds for their positive slip and rub
properties. Generally these components are less than five (5) percent of
the formulation. However, by design they must work at the surface of
the ink.20With the inherent chemical inertness of wax componds, is
adhesion subject to failure?
MECHANISMS OF INK DRYING
Two drying mechanisms are utilized by the quickset formulations when
applied to a relatively porous substrate. The firstmechanism is the
absorbtion of the low viscosity solvent into the substrate. Obviously,
this is dependent upon the porosity of the surface. This initial
absorbtion, in some cases called the thin phase, initiates the separation
of the drying oil, resin and pigment at the surface due to the combined
viscosity being much higher than the solvent they were initally
dispersed into. Improper selection of the vehicle components may lead
to a situation where the solvent/resin does not separate completely
resulting in a poorer drying capability. Even though the ink may still
have the ability to set to some degree, it may retain a portion of the
solvent phase of the vehicle system.
After the initial solvent penetration, the drier which was carried in the
surface vehicle acts as a catalyst to aide in free radical formation. The
free radical supplies the energy to open the unsaturated carbon/carbon
bond and allow the fatty acid molecules of the drying oil to crosslink
with the resin polymer. This linkage, polymerization, increases the
1 1
molecular weight of the resin which directly affects the viscosity and




It is the rapid solvent absorbtion or retention that may create future
problems. If a surface coating is porous enough to absorb the solvent
but the furnish has been treated to resist moisture absorbtion which is
necessary for
"offset"
papers, the solvent may not penetrate the paper
interior as designed. If not contained within the papers profile, it may
return to the surface and resoften the once dry resin
film.22
Conversations with two ink chemists resulted in the comments that once
a resin system polymerizes it can not be resoftened by the
reappearance of the solvent. Adhesive chemists and industry personnel
point out that the solvent migrates to the paper edges and accumulates
at the adhesive/substrate interface and over time results in reduced
adhesion.What the solvent does and how long it remains within the
paper interior seems unpredictable given the multitude of situations
that could create instability. It is quite probable that the immediate
environment of the printed pieces or stored books could affect the
activity of the ink.
In addition, many other factors influence the drying rate of inks which
in turn could impact post press operations. Some include pigment,
vehicle, and drier selection; pH, moisture content, and grade of paper;
amount of drier, length of the drying oil, and the nature of the printed
form. To provide a glimpse of the complexity of printing ink
manufacture, it was noted that when a quickset vehicle is
formulated
that results in a hard and flexible resin the effective amount ofwax
remains low, about five (5) percent of the formulation. However, when
wax is dispersed in a poorly formulated vehicle, the
effective amount of
wax must be increased. The wax content is directly proportional to
drying.23With such a degree of interaction to other systems, one
reference cited states;
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Printing ink formulations are a matter ofprecision combined with
foresight and adaptability. It is imperative that the ink maker has
a clear understanding of the nature of rawmaterials he uses. Few
items are ever used in isolation so he must know not only the
fundamental physical properties, but also the influence these
properties exert on mixtures.24
PHYSICAL PROPERTIES OFMATERIALS
Both hotmelt adhesives and inks have adhesive and cohesive properties.
Adhesion refers to the intermolecular attraction of two unlike polar
materials such as paper and an adhesive. Fundamentally, the attraction
is caused by the inherent opposite polarities of the elements that create
the compounds; oppositely charged particles attract, similarly charged
particles repel. Cohesion is the internal molecular attraction between
the molecules of the substance itself. The higher the molecular weight of
a compound, the stronger cohesive force that holds it together.
Typically, hotmelt adhesives have an abundance of cohesive strength.25
It is the cohesion of the adhesive and the ink, in conjunction with the
porosity and irregularity of the substrate that account for the major
bonding factor of each, individually, to the paper. For a positive bond to
occur, either with an isolated adhesive or an ink, it is necessary that
adhesion between the surfaces be equal to or greater than the cohesion
of the material itself.26
A key point relating to the integration of these two systems is that the
adhesive is constructed of dipolar molecules; meaning the ends of the
molecule are oppositely charged. The ink, which is made up of selected
nonpolar components such as the hydrocarbon solvent or the wax
compounds acts as a non-attracting, insulating layer between the




Now that the system components have been discussed with some detail,
it becomes more evident how they may interact. Two models have
arisen from the discussion that could impact adhesion. Lowering of the
surface roughness by an effective ink application or by manipulating
paper smoothness resulting in a loss of area for mechanical binding. The
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As alluded to briefly in CHAPTER n, an investigation was conducted by
Leekley and coworkers in 1972 to determine if adhesive binding
strength depends on the degree of adhesive penetration into the
intersheet and intrasheet voids.28 They refer to intersheet voids as
being a result of the roughness of the surface and intrasheet voids as
those which occur in the papers z-dimension. Their results for hotmelt
adhesives revealed a high positive correlation between pagepull values
and paper properties that represent the surface contour of a sheet and
its physical profile.
The tests conducted which depict contour and profile included;
absorbtion volume, total pore volume, wicking rate, apparent density,
K&N absorbancy, air permeability, and smoothness. A specialized device
was developed to determine absorbtion volume, total pore volume, and
the wicking rate. The device allowed a test liquid, polybutene, to flow
through a 12.7cm/0.5in. hole to a predetermined level in a graduated
capillary tube which sealed the hole opposite the entrance.When the
level was reached, the flow was stopped and the volume loss per unit of
time was recorded as the absorbtion of the liquid by the edge of the
paper within the test block. Four categories of paper were obtained
from four different suppliers; high bulk uncoated, low bulk uncoated,
wash-coated or pigmented papers, and fully coated papers. Each sample
had a mean grammage value of 74 or 50# book weight.
A second investigation into the bindability of various papers was
published in June 1979 by Johansson and
Mendel-Hartvig.29
They tested
twenty six (26) coated papers of varied coating
processes and ten (10)
uncoated papers. Both classifications included varied basis weights. The
data paralleled Leekley's study on the basis of hotmelt adhesives
17
requiring a degree of surface roughness for a stronger bond. Johansson,
however, used an increased number of flex cycles as the strength
determinate.
Further tests which parallel the two previously mentioned were
conducted by Gross in 1981.30 His investigation concentrated on the
adhesive/fiber interface between a hotmelt and a groundwood paper
with relevance to its physical properties.
He found that surface roughness was not as critical a property of
newsprint as were caliper and pick resistance. However, in reviewing
the supplied comprehensive correlation coefficient chart, it was noted
that surface roughness figures very nearly achieved the same positive
values as caliper and pick resistance.
With surface irregularity and porosity key factors in determining the
force required to pull a page from the bind edge, it might be inferred
that any material that smooths out the irregularities or fills in the voids
of a paper would hinder bindability.
Review ofTAGA Proceedings (1949 - 1987), PIR Abstracts (1976-1987),
IARIGAI (1967-1985) among the other sources cited, reveals no research
published in the public domain in the United States that includes ink
into the experimental system. However, ten (10) English abstracts of
German articles were located which drew relations between bindability
and an effective ink layer. Due to the fact that complete and accurate
translations were not able to be generated, information and
experimental results were not extracted. Located in APPENDK Vin is a
listing of the abstracted references to be used
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This research project will address the relationships that arise when four
(4) papers, with and without a varying printed image to the spine, are
merged with a hotmelt at the binding edge of an adhesive bound
product. This would be the resulting case if a knock or strip out in the
spine area was not allowed for in the image assembly process. A second,
peel type test will be conducted which attempts to complement the
pagepull method in depicting possible loss in adhesion.
More directly, the following hypotheses will be addressed;
(1) As the smoothness of the paper test samples increases, the
required force needed to cause separation using the pull and
peel test decreases.
(2) As the absorbtion of the paper test samples increases, the
required force needed to cause separation using the pull and
the peel test increases.
(3) As the caliper of the paper test samples increases, the
required force needed to cause separation using the pull test
increases.
(4) As the solid ink density of the printed image is increased,
the required force needed to cause separation using the pull
and the peel test decreases.
(5) As time between tests is increased,
the required force needed





The variables that comprise this investigation include;
104 gsm/70# book uncoated antique finish
104 gsm/70# book uncoated machine finish
104 gsm/70# book coated 2s dull finish
104 gsm/70# book coated 2s gloss finish
commercially available hotmelt adhesive
commercially available quicksetting lithographic ink
This investigation is based upon a model which makes an attempt to
isolate an effective ink application to the adhesion of the leaves of the
book block and its implied quality. To this end, the four (4) paper
treatments mentioned above were chosen. The uncoated sheet with the
antique finish, in all the literature surveyed, represented a paper
category that is consistently and efficiently bound. Therefore, it
provides the measure of control for the ink variable. It is hypothesized
if the major factor in good adhesion results when the adhesive is able to
physically interlock onto the paper surface then a substrate whose
surface is inherently more rough and porous will provide a better
binding surface. The printed treatments are such that the amount of
mechanical binding area, a function of paper smoothness, is
progressively reduced by the semiquickset ink. If the lower level ink
treatment on the rougher paper samples shows a significant reduction
in the required force of separation, the effective ink layermight be
influencing the adhesion more than the loss of paper surface roughness.
SERIES OFTREATMENTS
A series of ink treatments was printed on each of the paper lots to
create a bleed into the binding edge of the book block. It was felt that
initially, a minimum of forced penetration between the adhesive and
ink should take place. Toward this end, only one page of each sheet was
printed with the quicksetting type ink. Further testing on this topic
should include printing on both sides of the sheet to address the
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possibility that the bulk of the adhesion is being provided by the
unprinted side of the page. Included below are scanning electron
microphotographs (SEM) of the roughest and smoothest paper surfaces
used in this investigation with and without the maximum effective ink
application. It was anticipated that the "filling
in"
of the surface
topography would be more pronounced with the maximum ink level,
even with the absorbtive properties of the paper taken into
consideration. The SEM prints are not of the same areas and therefore a




FIGURE 1. SEM 500x - ANTIQUE FINISH (UNCTD) 0.0 SID
FIGURE 2. SEM 500x - ANTIQUE FINISH (UNCTD) 2.2 SID
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FIGURE 3. SEM 500x - DULL FINISH (CTD) 0.0 SID
FIGURE 4. SEM 500x - DULL FINISH (CTD) 2.2 SID
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AN ANALYSIS OF ADHESION
To investigate the impact a quicksetting ink has on adhesion with a
hotmelt type adhesive and predict bonding performance without
binding a book block, a strip or peel type test was attempted.
Ideally, to conduct this test with relevance to an adhesive binding line,
a hotmelt adhesive at a constant temperature, within the manufacturers
recommended working range, and a constant thickness of .017-.022
inches would need to be extruded onto the sample. Immediately
following the application of the adhesive, a second strip of paper would
need to be applied with pressures corresponding to the binding unit.
The amount of real time from adhesive to cover application will vary
somewhat with the size and speed of the line to between one (1) and
five (5) seconds.
Given the total limits for this investigation, an alternative method was
studied. It utilized a commercially available thermal binding unit and
specially prepared hotmelt strips. The strip of hotmelt adhesive was
sandwiched between the ink treated sample and a base paper and
placed into the binding unit. The unit generates heat to a programmed
temperature, which results in a significant reduction in the hotmelt
viscosity. Following the heating cycle, the spine area is agitated with an
applied internal pressure for a fixed amount of time and then removed.
To test the adhesion, as qualified in the discussion on page four (4),
between the ink film and the adjacent substrate, that interface must be
isolated as much as
possible.31 It is imperative that the base paper be
sized, both internally and externally, so that it will not fail before the
adhesive/ink/substrate interface you truly want to test fails.
The delamination process of the peel test occurs by attaching two
adjustable jaws of an Instron Tester to each of the free ends of the test
strips. The jaws then apply a force to cause separation;
the upper jaw
being mechanically driven and the lower,
static. A graph which plots the
required load to the overcome the resistance is created by the tester. A









Concurrently with the peel type test, the printed and unprinted samples
were bound in an adhesive binding line and the resulting book blocks
testedwith conventional methods.
One fact is quite clear from the review of literature dealing with the
conventional testing methods for adhesive bound blocks; there is
agreement that the most widely used testing methods are inadequate
for pointing to book block quality since they do not relate closely to the
stresses received from actual
use.32 Even with the admitted limitations,
the static page pull and the dynamic flex test are the most widely
recognized methods for testing adhesive bound book blocks.
It is the opinion of IGT, as well as other papers referenced (31 -35) that
the page pull test is not closely representative of actual book usage. This
test isolates one leaf perpendicular to the spine and applies a force
across the entire sheet until failure. Even with agreement as to its
limitations, it is felt that the measurements can be useful if the leaf
length in the test direction, paper, adhesive film thickness, and the
backbone preparation are constant. Unlike the flex test, random page
pull locations within the block "does not influence significantly the
measurement".33
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The flex test with its inherent dynamic nature is considered by the
sources referenced as a better test simulating actual use. However, they
are quick to point out its deficiencies. As with the page pull test, this
test applies a force across the entire page, therefore it is imperative to
correlate figures from the same page size. Testing time is also extensive.
The location of the leaf to be tested is significant, meaning valid
correlations can not be made between flex samples within the same
book block. This is especially true of thick blocks since they must lie as
flat as possible to avoid an unbalanced test situation.34
Possibly the newest testing method that most closely approximates
actual use is termed the "head and
tail"
test. It applys a pulling force to
the selected leaf from the head or tail of the bind edge.35 It is said that
this method isolates the glue joint as would a reader.
Since the head and tail tester was not available for this investigation,
the choice was left to the pagepull and the flex test. Further research
into the testing methods revealed that in one case the flex test found
"good
agreement"
with the head and tail test.36 Conversely, another
reference concluded "a high degree of
correlation"
exists between the
pagepull and the head and tail test.37
With consideration given to all references cited, the pull test was
chosen for this investigation. The major factor in making this choice was
that the book block design [FIGURE 6.] incorporated all ink treatments in
one test unit and the pagepull test location was classified as
insignificant. The block design was adopted in an attempt to hold the
binding condition constant between the various ink treatments.
PROCEDURE
The following procedure was used to collect the data and subsequently
test the hypotheses as identified in CHAPTER IV;




cut size, grain short
since the job was originally designed for a duplicator format.
(2) Eight (8) samples each of the four (4)
paper types were selected
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[TAPPI T-400]. Each paper lot was tested to quantify smoothness,
absorbtivity and caliper. [SEE TABLE 2. PAPERproperty TESTS]
(3) One eighth of each total lift was printed to a solid ink density of 1.0,
1.4, 1.8, 2.2. Prior to the job run, roller settings were checked and
adjusted where necessary; plate and blanket packings, as well as
impression cylinder pressure were set to the minimum to ensure
uniform and complete image transfer. Eight (8) test units per
paperlot were sampled [TAPPI T - 400] and twelve (12) reflection
density readings taken on each of the eight samples. The total
number of sheets printed for each treatment and paper lot
numbered about sixty (60).
Pressroom atmospheric conditions were monitored at hourly
intervals. The relative humidity varied from 51-46% at a
temperature change of 75-79F. The pH of the fountain solution
changed from 4.2-4.5% over the three (3) hour pressrun.
Evaluation of the apparent reflection densities (wet ink/
nonpolarizing filter) revealed a variation of + 4-8% over the four (4)
paper lots and the five (5) ink treatments. [SEE APPENDIX II - PRESS
SHEET ANALYSIS]
(4) The balance of each sample was left unprinted and used to fill out
each individual book block section.
(5) The printed sheets were allowed to set for one week to simulate
transportation and warehousing to the bindery.
(6) Book blocks were assembled according to the specifications and
schematic below;
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TABLE 1. SPECIFICATIONS FOR BOOK BLOCKS
IFICATIONS PAPER1 PAPER 2 PAPER 3 PAPER 4
[antq. fnsh.] [mchn. fnsh.] [dull ctd.] [gloss ctd.]




Pages/book sect. 24 24 38 38
#'S REPRESENT SAMPLES NEEDED FORTHE 5 INK TREATEMENTS AND THE 4 PAPER
LOTS OVER THE THREE (3) TEST PERIODS]




1 .4 sid /////??///////??/??////?//?//://'//?///????///
FIGURE 6. SCHEMATIC OF BOOK BLOCK DESIGN
(7) Using a cold, water based polymer padding compound, the
individual blocks were bound temporarily opposite the binding
edge to ensure efficient feeding into the binder pockets. This









Atmospheric conditions in the bindery lab were monitored at
regular intervals. Due to a runtime of only twenty five (25)
minutes, the relative humidity was recorded at 58% at a
temperature of 74F. The change in adhesive temperature at the
point of application was recorded at 327-330F.
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(9) Pull tests were conducted on the bound products according to
FIGURE 6. SCHEMATIC OF BOOKBLOCK DESIGN.
The forty eight (48) hour test conditions included an elapsed test
time of four (4) hours and a recorded relative humidity of 48-56%
over a temperature range of 78-84F.
The six (6) week test conditions encompassed a test time of four (4)
hours and a recorded relative humidity of 63-57% over a
temperature range of 77-80F.
The twelve (12) week test conditions encompassed a test time of
four (4) hours and a recorded relative humidity of 58-68% over a
temperature range of 73-77F.
(10) Printed treatments for the peel type test were selected [TAPPI
T-400]. A total of sixty (60) test units were needed for the five (5)
ink levels over the four (4) paper lots and two (2) test periods
(11) Amodified peel type test was conducted as per ASTM sect. 15 vol.
15.06.
The forty eight (48) hour test conditions included an elapsed test
time of three (3) hours. The relative humidity was recorded at
68-66% over a temperature variation of 79-75F.
The six (6) week test conditions could not be monitored since the
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Three (3) sources have been employed to analyze the data collected
from the procedure identified in chapter V; Lotus 1-2-3 Student Edition,
Minitab release 6.1.1 accessed through a digital VAX/VMS mainframe
and manual calculations described in Statistics: Concepts and
Applications To verify how the computer packages functioned, each
initial computer calculation was determined using the formulae as
described in the text.
The nature of the hypotheses as stated in CHAPTER rv dictate the use of
regression analysis and correlation coefficient techniques to determine
their acceptance. These statistical methods work together to describe
the relationships that exist between the two (2) variables. They include;
the nature, type, strength and prediction capability between the
variables.
In determining a regression line, two (2) values are generated; the
y-intercept and the slope. The slope value is of particular importance
since it describes the nature of the relationship. A negative relation
indicates as one variable increases, the other decreases; the positive
relation sees the change between the variables in the same direction.
A scatter plot of the paired data points will reveal three (3) types of
relationships. A linear relation is indicated by a straight line of
estimation through the scatter of points; a curvalinear profile, results in
a curved line of estimation; random placement of the paired data points
throughout the plotting quadrants is indicative of a zero or no relation
between the variables.
When all the values are placed into the regression line equation (slope,
y-intercept and known variable, a prediction value can be generated
from the known to the unknown paired variable.
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The correlation coefficient is generated with the regression line
information and indicates the strength of the relation. A coefficient of +1
states that all the data points fell on the line, and that as the
independent variable increases so does the dependent variable with the
same magnitude (linear type). A coefficient of -1 states that all points
are again on the regression line, but that the independent and
dependent variables change in equal but opposite directions (linear
type)
An additional statistical test employed in this investigation was an
analysis of variance. It was used to support the regression analysis in
determining if the different levels of effective ink treatment
significantly influenced the loading required to create separation of the
test unit.
I. PAPER ANALYSIS
PURPOSE OF PAPER PROPERTY TESTS
Each paper lot was tested for surface smoothness, absorbtivity and
caliper as a means of describing the properties that are key to an
adhesive binding system. As discussed in the literature survey, Leekley,
Johannson, Gross and Korhonen have found a strong correlation between
adhesive bindability and the paper properties of caliper, absorbtion
rating and surface smoothness. As designed, the paper and ink
treatments were choosen to provide an arena wherein the interaction
between ink and adhesive would become increasingly intense. It is
believed that if a loss in bindability or adhesion occurs within a
previously well documented paper category at a low effective ink level,
a stronger correlation might be inferred between the applied ink and
the adhesive bond.
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TABLE 2. PAPER PROPERTY TESTS
PAPER 1 PAPER 2 PAPER 3 PAPER 4
[antq. fhsh.] [mchn. fnsh.] [dull ctd.] [gloss ctd]
:R PROPERTY
smoothness 212/24.05 129/15.24 24/5.63 73/24.11
[Sheffield TAPPI T- 538;1
[sample size 21]
*absorbtivity (%) 83 78 25 32
[K&NTest]
[sample size 9]
caliper .0053/.0001 .0051/.0001 .0032/.0001 .0033/.0008
[sample size 21]
#/# REFERENCE THE MEAN VALUE/STANDARD DEVIATION
*
% abs = 4/3 [lOO-OO^'lOO)]
where: d is the apparent density through a reflection densitometer
The method used for the calculation of paper absorbancy was to conduct a
standard K&N stain test. A recommended two (2) minute absorbtion time was
allotted before complete removal of all excess stain. Nine (9) reflection
densities, read through a visual filter, were taken from each of the stained
areas (felt side) which averaged nine (9) square inches in area.
Without considering the introduction of an ink into the binding system,
the most efficiently bound paper lot would be the antique lot followed
by machine, gloss and dull.
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II. PAPER PROPERTIES AS RELATED TO THE PEEL & PULL TEST
As stated in CHAPTER IV two (2) tests were conducted to quantify
adhesion within the testing system. They included a standard pagepull
test using aMartini Tester and a modified peel test (180) as noted in
the American Standards for TestingMaterials Section 15 Volume 15.06
using an Instron Tester. The resulting data was analyzed in part
through a regression analysis technique.
Readers should take note of the SEMs characterizing the roughened
paper surfaces and understand that the wide disparity in bond strength
between the two (2) paper classes (coated versus uncoated) is
accentuated by the effect of roughing the back of the book. Roughening
was a necessary operation to allow the coated lots a minimum of
bonding intergrity. This factor does minimize the proper correlation of
coated versus uncoated on the paper property graphs. Past research,
cited in the literature review, however, supports the overall trends by
these graphs.
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FIGURE 7. SEM 500x - EFFECTIVE ROUGHING - MACHINE FINISH (UNCTD) 0.0 SID
FIGURE 8. SEM 500x - EFFECTIVE ROUGHING
- GLOSS FINISH (CTD) 0.0 SID
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HYPOTHESES TESTING
As identified in CHAPTER IV, five (5) hypotheses were tested to address
the impact a quicksetting type lithographic ink has on a hotmelt
adhesive. The following pages will present the results as determined by
this investigation.
HYPOTHESIS (1)
As the smoothness of the paper test samples increases, the required force
needed to cause separation using the pull test decreases.









FIGURE 9. PULL VS SMOOTHNESS - 48 HOURS














The graph and table pull vs smoothness - 48 hours reveals, for all effective
ink treatments, a strong, positive relationship. All but the 1.8 level
indicate curvalinear plots at a decreasing rate of change. Based upon the
graphic representation and tabled data, HYPOTHESIS (1) is clearly
accepted and follows with accomplished work in this area which did not
implement and effective ink level.
HYPOTHESIS (1)
As the smoothness of the paper test samples increases, the required force
needed to cause separation using the peel test decreases.
PEEL vs SMOOTHNESS - 48HOURS
o
o














FIGURE 10. PEEL VS SMOOTHNESS - 48 HOURS

















The graph and table PEEL VS SMOOTHNESS - 48 HOURS clearly points out the
increased load needed to propagate separation of a rougher surfaced
paper. The computer generated plot extrapolates beyond the collected
data and should be interpretted as such. However, the trend showing a
decreasing rate of change is logical since an extremely rough surface
would actually result in less bonding area. HYPOTHESIS (1) is accepted
under these test conditions.
HYPOTHESIS (2)
As the absorbtion of the paper test samples increases, the required force
needed to cause separation using the pull test increases.







FIGURE 1 1 . PULL VS ABSORBTION
- 48 HOURS














Results of the forty eight (48) test data for the absorbtion plots depict a
very strong, positive, linear relationship between the two variables
throughout the effective ink treatments. HYPOTHESIS (2) is clearly
accepted.
HYPOTHESIS (2)
As the absorbtion of the paper test samples increases, the required force
needed to cause separation using the pull test decreases.
PEEL vs ABSORBTION - 48 HOURS




FIGURE 12. PEEL VS ABSORBTION
- 48 HOURS




















Results of the forty eight (48) hour test data reveals the same tendency
as the pull data, even though the correlation coefficients and the slope
values are slightly lower. HYPOTHESIS (2) is accepted as stated and
logically follows anticipated results.
HYPOTHESIS (3)
As the caliper of the paper test samples increases, the required force
needed to cause separation using the pull test increases.
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FIGURE 13. PULL VS CALIPER - 48 HOURS













The graph and table PULL VS ABSORBTION
- 48 HOUR depict a very strong,
positive, curvalinear relationship at an increasing rate across the
ink
treatments. As a result, HYPOTHESIS (3) is clearly accepted.
COMMENTS ON PAGEPULL VS PAPER PROPERTIES
The curious point on each plot, initially noted during the forty eight (48)
hour test, lies within the gloss paper lot. Based upon the increased
roughness, caliper and absorbtion of gloss over dull, it was anticipated
that an increased load would be required to initiate separation of the
test unit. An observation made while testing configurations for the
second, peel type, test characterized the coating of the paper as an
incompatible surface for the adhesive. A thin adhesive layer was easily
peeled from the gloss surface with no fiber tear. Separation actually
occurred within the top surface coating very near the hotmelt interface.
This was verified by the whiteness of the adhesive layer that contacted
the coating. Scanning electron microscope images revealed no visual
evidence that the top layer of coating was loosely applied. A discussion
with a local quality assurance manager touched upon the fact polyvinyl
acetate in paper coatings may not be compatible with all hotmelt
adhesives. A chemical analysis was not conducted to confirm presence of
polyvinyl acetate or other possible incompatible coating chemicals.
COMMENTS ON PEEL VS PAPER PROPERTIES
Similar tendencies are noted with the peel type test as with the pull test.
The test on smoothness reveals a strongly curvalinear relation with a
decreasing rate of change. This is readily understood since the peel test
directly impacts upon the surface of the sheet. In both the peel type
tests, absorbtion and smoothness, the lack of ink and maximum ink
treatments were clearly polarized on the graphs. The pull type test
showed inconsistency in the placement of the extreme ink treatments.
It is believed that this effect is accentuated by the peel test since the
interaction of ink and adhesive by surface area is more severe than by
the pull test. Although the peel test seems to offer comparable results to
the pull test, further comparisons will be developed in the concluding
chapters.
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III. INK TREATMENTS AS RELATED TO THE PULL & PEEL TEST
PAGEPULL: GENERAL
Since the pagepull test is a direct measure on the area studied, with
regard to ultimate application, it will be addressed first. Ninety three
(93)
1"
book blocks were bound with the materials listed in CHAPTER V on
aMueller
"pony"
Binder; eighty four (84) of which were considered test
units. The fresh hotmelt adhesive was monitored just prior to beginning
the run, at the point of application, at 330F/151C. The recommended
working temperature range of the product was 325F-350oF/149o-162C. It
was again recorded halfway through the run at 327F/150C. The binder
was calibrated to apply a uniform thickness of .020 inches as measured
by a 30x magnification lupe with an internal scale.
The pull test was conducted on aMartiniTester at forty eight (48)
hours, six (6) weeks and twelve (12) weeks after binding. As stressed in
theMartiniManual, the values obtained in this investigation cannot be
compared with other pagepull devices due to the variance in design and
internal workings. This particular tester was thought to facilitate more
accurate values when compared with another unit within the testing
facility since it supports the weight of the book block, allowing the page
being tested to hang free prior to actuating the loading mechanism.
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HYPOTHESIS (4)
As the solid ink density of the printed image is increased, the required
force needed to cause separation using the pull test decreases.








FIGURE 14. PULL VS SOLID INKDENSITY - 48 HOURS


















with the 1.8 ink treatment included/ without the 1.8 ink treatment included
The graph and table PAGEPULL TEST - 48 HOURS indicates a weak and
mixed linear relationship between the two (2) variables. The slopes of
the uncoated papers are nearly zero in a positive sense and the contrary




A oneway analysis of variance was conducted on the forty eight (48)
hour test data to further clarify the low correlation values. It reveals
that the five (5) ink treatments within the coated book blocks were
significantly different from each other as indicated by comparing the
calculated F value to the tabled value (.05 level) The data for the
uncoated sheets resulted in F values that were significantly lower than
the tabled value.
Studying the ninety five (95) percent confidence intervals printed as
part of the analysis of variance showed the 1.8 level graphic of the
coated sheets noticably lower than the other ink levels. It is necessary
to note that the confidence intervals as a whole, coated and uncoated, as
well as throughout the ink levels are relatively wide and overlapping.
This perceived lack of confidence in the data collected could be easily
attributed to the mean pull values upon which the statistical test is
calculated are based on only seven (7) samples. The low sample size was
dictated by material and time constraints within the system. However,
even with these restrictions, the sampling number is supported by the
manual that accompanied theMartini Tester.
As is easily noticed on the graphs [pp 43,46 and 48], the loads required to
remove the 1.8 treated sample from each of the paper lots was
consistently lower. It is believed that this section of the book was
weaker than the rest of the book block. In conducting the pagepull test,
the 1.8 section was always the first tested. The initial stress placed on
the previously unopened book to allow the spine to
conform to the
throat plate of the tester, may have influenced the pagepull readings.
Working with the data further, the 1.8 level treatment was dropped out
and the analysis of variance was run again. It not only served to lower
the F value for the coated stock below the statistically significant tabled
value but elevated the majority of the correlation figures and tightened
the confidence intervals. The low correlation coefficients between the
solid ink density and the required force of the forty eight (48) hour data
is felt to be more strongly influenced by the low 1.8 data values than
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revealing a true non-relation between the two variables, as well as the
restricted sample size.
Random book blocks representing each of the four papers and test times
were disected at 2/5 and 4/5 of the bulk dimension and viewed under
magnification; (44 - I60x). Some air bubbles and contamination (paper
fibers) were found within the hotmelt. The thickness of the hotmelt
across the back of the book was very uniform throughout the samples
tested. Although the sheets were covered, the storage location was not
humidity controlled. Therefore, the acceptable initial moisture content
may have been elevated at the time of binding resulting in bubble
formation due to the vaporization of the moisture within the paper.39
Due to the degree observed, weakened bonding was felt to be
insignificant. Consult APPENDIX V for a partial log of the storage
conditions.
Following the completion of the forty eight (48) hour pagepulls, the
balance of the blocks were stacked down and wrapped in polyethylene
plastic to simulate a warehousing situation until the next test period.
Upon consulation with a prominent adhesive chemist for bookbinding
applications two weeks after the first series of pulls, the comment was
made stating that the wrap should have been an impervious material
such as aluminum foil that would have paralleled the lack of possible
vapor escape due to the shear magnitude of the load supplied by a large
stacked down skid. The wrap was not altered since correlation of the
data following the change would be void of the initial test data obtained
after forty eight (48) hours.
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HYPOTHESIS (4)
As the solid ink density of the printed image is increased, the required
force needed to cause separation using the pull test decreases.
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FIGURE 15. PULL VS SOLID INKDENSITY - 6WEEKS

















with the 1.8 ink treatment included/without the 1.8 ink treatment included
The six (6) week test data and analysis paralleled the forty eight (48)
results; correlation coefficients revealed
a weak, mixed linear
relationship; slope values bordered the zero point
over influenced by
the low 1.8 values. HYPOTHESIS (4) is not accepted based upon the low
correlation coefficients and nearly zero (0) slope values.
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COMMENTS ON 6WEEKTEST
Results of the six (6) week pagepull test on books bound under the
"same"
running condition and configuration as the forty eight (48) hour
test units revealed no indication of a trend inferring that ink interferes
with page bindability. As noted by the chart compiling the mean pull
values of each treatment, APPENDIX IV, some increased in presumed
strength. This is most likely attributed to chance variation within the
normal distribution range of the process. Study of the analysis of
variance figures reveals that only the ink treatments within the gloss
paper lot as being statistically the same. The remaining paper lots, dull,
machine and antique finishes were all seen as statistically different.
When the consistently low 1.8 level figures were removed from the data
set, all paper lot and ink treatment combinations, with the exception of
the machine finish lot, fell well within the tabled values
One point that may serve to clarify the presumed compatiblity between
the quicksetting type litho ink and the adhesive from a non-chemical
point of view, is that the penetration of the adhesive between the
sheets of the book block was not seen through a microscopic analysis.
Therefore, although the ink bled into the bind edge, direct interaction
did not take place to a significant enough degree.
FIGURE 15.1. SEM 150x - SPINE SECTIONOF
ANTQ. SHEETS ENTERING HOTMELT ADHESIVE
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HYPOTHESIS (4)
As the solid ink density of the printed image is increased, the required




PAGEPULL VS SID - 12WEEKS
Solid Ink Density
FIGURE 16. PULL VS SOLID INKDENSITY - 12 WEEKS



















with the 1.8 ink treatment included/without the 1.8 ink treatment
included
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The 12WEEK test data and analysis shows no overall change from the
previous test times. The low correlation coefficients and very minor
slopes as a whole lead to the failed acceptance of HYPOTHESIS (4) . With
respect to the machine lot, HYPOTHESIS (4) is not accepted based on the
moderate strength of the correlation coefficient and the positive, linear
relation.
COMMENTS ON 12WEEKTEST
The final test time for this investigation continued to show no trend
that, for this system, a quickset litho ink bled into the bind edge of an
adhesive bound book does not impact negatively on the implied
strength of the bond as determined by a pagepull test. As mentioned
previously, the effective ink treatment was only printed on one side of
each test unit. Therefore, throughout the book block of two hundred
(200) plus sheets, only five (5) carried ink. Analysis of variance figures
remained inconsistent. During this test period, dull and machine paper
lots were indicated as statistically different with the 1.8 level treatment
noticably removed from the other grouped treatments and the gloss and
antique book blocks were statistically the same across the ink
treatments.
PURPOSE OF THE PEEL TYPE TEST
To augment the pagepull values from the book blocks, it was thought
that a second test could be devised that would offer comparable data
while consuming less materials and negating the use of the binding line.
The development of a
"quicktest"
that may characterize bond life or
integrity in a commercial setting would be seen as a significant
acvhievement.
DEVELOPMENT OFTHE PEELTYPETEST





FIGURE 17. PEELTEST LAMINATION
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The lamination was tested by applying a load using an Instron Tester.
The method is described in detail in the ASTMManual Section 15 Volume
15.06 with the following modifications; the recommended crosshead rate
of 152 mm/min was reduced to 50mm/min so that failure location could
be more easily discerned, the atmospheric conditions were not
controllable but were monitored at regular intervals and the bond area
was reduced since an average loading value referring to the adhesive
strength was not being sought.
With the first set of preliminary peel tests, the base paper failed
internally prior to the test unit side of the lamination. Therefore, a
second base paper was chosen that exhibited a higher internal bond
strength than the initial base paper as determined by the Scott Internal
Bond Tester. This alteration in the test unit forced the separation to
occur on the test unit side of the adhesive. In addition to the
configuration change, the method of quantifying the required force of
separation was altered from a visual interpretation of the line of best fit
to calculating the mean load from the peak points on the supplied
graph.
In observing the peel test samples during and after the applied load,
internal failure of the test unit was consistent with each paper lot, with
the exception of the gloss coated sheets regardless of the ink treatment.
As noted previously, the adhesive was easily peeled from this surface
with minimal fiber tear. Since all other paper lots failed internally, it
was questioned whether the lamination procedure was negating the
documented variations within the paper lots.
In an attempt to determine if the lamination procedure "over
influenced"
the paper lots, a series of variables were tested. The first
variable tested was the duration of time that the adhesive strip was
allowed to absorb heat. Initially an office type (opposed to an industrial
model) thermal binding unit was used to supply heat to the lamination.
It offered and electrical and mechanical mechanism which controlled
the temperature and duration of the heating cycle. What at initial
observation seemed a unique method for the creation of the
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laminations, was now questioned due the relatively long heating cycle
when compared to an adhesive binding line.
To test the time condition, a series of laminations were created using
the acceptable base paper and the dull coated sheet without the ink
treatment. Six (6) test units each of a fifteen (15) second, ten (10) second,
five (5) second heat duration time and the office binding unit were
placed under a
180
peeling load after forty eight (48) hours. Oneway
analysis of variance (mean square method) was conducted on the time
condition data.
The calculated F value of 2.12 fell short of the statistically significant
value of 3.10 (.05 level). Based upon visual inspection of the graphed
output from the Instron, supported by the negative test for statistical
significance by a oneway analysis of variance, it was concluded that the
variation in time from 5-15 seconds and the thermal binding unit did not
significantly influence the required load to initiate separation. As a
result, the time of five (5) seconds was choosen as the standard.
A second variable that was isolated within the system was the weight of
the hotmelt strips used to secure the lamination. Initially the strips
were metered to a caliper of .007-.010 inches. This was found to be
impractical when viewed from the binding condition where a minute
amount of adhesive may work its way between the individual sheets
within the book block. Therefore, the thickness was reduced to an even
tighter tolerance range of .004-.006 inches. When these individual strips
were weighed on aMettler Scale and arranged according to their weight
value, a normal distribution was noted. The weight values were divided
into quartiles according to the following method.Within each percentile
range six (6) values and their accompanying physical samples were
pulled.
i=(P/100)n
where: i is the index or location of the percentile you are
requesting within the data set
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p is the percentile requested
n is the number of data values
It was determined through consultation with faculty members in the
Colleges ofEngineering, Packaging Science and Science at The Rochester
Institute of Technology that the initial peak force that provides a
uniform separation front perpendicular to the direction of crosshead
travel is to be recorded as the necessary force required to propagate
separation at the weakest area of the test system.
Following the completion of the peel testing with regard to the adhesive
strip weight condition, two (2) evaluations were made. The first
evaluation was a visual assessment from the plots generated by the
tester. It revealed a definite consistency across the weight ranges about
the .3 .03 kg applied load.
A second evaluation was performed on the data using the oneway
analysis of variance technique (mean square method) The calculated F
value of 1.04 for the data set was clearly lower than the statistically
significant figure of 3.10 read from an F distribution table at ninety five
(95) percent confidence. Based upon the visual assessment of conformity
about the
.3kg
load which was supported by the statistically insignificant
F value at ninety five (95) percent confidence, it was concluded that the
weight range variation ofmy adhesive strip generation techniques did
not strongly influence the load required to initiate separation.
In review, the following were accepted as standards for the subsequent
peel type testing; heat duration time of five (5) seconds, monitored by a
digital display from a thermocouple unit fastened to the source of heat
and tested at a crosshead speed of 50mm/minute until the advancing
separation front is perpendicular to the direction of crosshead travel. As
noted, this method is not specific to the ASTM Standard.











FIGURE 18. TEST STRIP GENERATION SYSTEM
The peel test was applied to the full range of paper lots and ink
treatments after forty eight (48) hours, six (6) weeks.
HYPOTHESIS (4)
As the solid ink density of the printed image is increased , the
required load needed to cause separation using the peel test
decreases.
PEEL TEST - 48 HOURS
1 2
Solid Ink Density






TABLE 1 1 . PEEL VS SOLID INK DENSITY 48 - HOURS





The forty eight (48) hour test data and analysis reveals a moderate,
negative and linear relation between the variables of question with the
exception of the low coefficients for the gloss paper lot. The relation is
negative as indicated by the slope values and is ofmoderately strong
nature, especially the uncoated sheets. HYPOTHESIS (4) with respect to the
peel test is accepted.
COMMENTS ON 48 HOUR PEEL TEST
The majority of the test units exhibited a degree of fiber tearing as a
result of the loading factor. This indicates that the effective ink
treatment did not present an incompatible barrier to the adhesive.
Therefore, the clear negative relation between the two (2) variables
better supports the loss in mechanical binding area model cited in
CHAPTERS II and V. This is further supported by the fact that that the
coated sheets with their inherent smoothness over the uncoated sheets
presented a more uniform bonding surface with or without the effective
ink treatment.
The plots of the uncoated sheets show a strong negative correlation
between the variables. The contradiction to the pull test of the same
test time of forty eight (48) hours is most likely attributed to the
differences in bonding surfaces exposed to the adhesive. Where the test
unit in the book block had its edge surface primarily exposed, the peel
test unit had only its face surface exposed to the
adhesive. The uncoated
sheets loss in adhesion is more closely related to the loss in mechanical
binding area, since the coated lots, with less
initial surface roughness,
depicted amore uniform bonding surface with or without ink.
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HYPOTHESIS (4)
As the solid ink density of the printed image is increased, the
required load needed to cause separation using the peel test decreases,




















FIGURE 20. PEEL VS SOLID INK DENSITY - 6WEEKS
TABLE 12. PEEL VS SOLID INKDENSITY - 6WEEKS





Based upon the moderate to strong correlation coefficients and the
negative, linear relations depicted by the slope values for the dull, gloss
and machine paper lots, HYPOTHESIS (4) is accepted. HYPOTHESIS (4) is not
accepted for the antique lot given the almost zero (0) correlation and
slope figures.
56
COMMENTS ON 6WEEK TEST
The six (6) week test data and analysis showed greater inconsistency
with respect to the antique and gloss paper lots. Correlation coefficients
that weremoderately strong and weak, respectively, reversed their
trend at the six (6) week interval. The data for the testing was
rechecked and was found to be correct. The physical samples showed no
readily observable characteristics that would lead to a plausible
explanation.
HYPOTHESIS (5)
As time between tests is increased, the required force needed to cause
separation using the pull test increases.



























FIGURE 21. TEST TIME COMPARISON - DULL
















As time between tests is increased, the required force needed to cause
separation using the pull test increases.
TEST TIME COMPARISON - GLOSS
Solid Ink Density
FIGURE 22. TEST TIME COMPARISON - GLOSS
















As time between tests is increased, the required force needed to cause
separation using the pull test increases.
TEST TIME COMPARISON - MACHINE
Solid ink Density
FIGURE 23. TEST TIME COMPARISON - MACHINE
TABLE 15. TEST TIME COMPARISON - MACHINE











As time between tests is increased, the required force needed to cause
separation using the pull test increases.
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FIGURE 24. TEST TIME COMPARISON - ANTIQUE















Based upon the collective data of low correlation coefficients,
augmented by the lack of consistency in the
overall placement of the
plots for each paper, HYPOTHESIS (5) is not accepted for
each of the paper
lots.
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COMMENTS ON TESTTIME COMPARISON
Although the correlation figures and other data for this testing system
lack even moderate strength, as a whole they contradict the intial
hypothesis that ink interferes with adhesive bindability. Further
unexpected results show the forty eight (48) hour test data as being the
"weakest"
of the test periods. It is said that a typical hotmelt for
bookbinding applications achieves eighty (80) percent of of its strength
after about one hour and one hundred (100) percent after approximately
twenty four (24) hours. Therefore, the suggested weakness is not seen
as linked to a lack of curing time.
The graphs depict the coated sheets pull strength acting in a negative
linear manner to the solid ink density. This is logical due to the higher
degree of surface smoothness and the subsequent increased interaction
with the hotmelt adhesive. The uncoated sheets infer increased
bindability with increased ink quantity. It should be noted that, in some
cases, curvalinear, 2nd order polynomial functions applied to these
same pagepull and peel data sets, result in slightly higher correlation
coefficients. The increases in magnitude still result in the lack of even
moderate strength between the variables, even though the plots
visually depict a more suitable curve given the hypotheses being tested.
FOOTNOTES
CHAPTER VI
38 Anderson, et.al Statistics: Concepts andApplications, (St. Paul,
Minnesota:West Publishing Company) pp64, 90-91, 102-107, 487-498.
39Mielke, G., "Adhesives and Adhesive Binding Seminar", Areata





This document addressed five (5) hypotheses in some respects applied
to the two (2) testing methods. Based upon the data accrued from this
investigation, the following hypotheses were accepted as follows;
HYPOTHESIS (1)
As the smoothness of the paper test samples increases, the required force
needed to cause separation using the pull test decreases.
HYPOTHESIS (1) with respect to the pull test was accepted based
upon the very strong correlation figures. The graph shows a
curvalinear relation with a decreasing rate of change.
HYPOTHESIS (1)
As the smoothness of the paper test samples increases, the required force
needed to cause separation using the peel test decreases.
HYPOTHESIS (1) with respect to the peel test was accepted based
upon the strong correlation coefficients of the data points.When
graphed, the data points revealed a curvalinear relation with a
decreasing rate of change.
HYPOTHESIS (2)
As the absorbtion of the paper test samples increases, the required force
needed to cause separation using the pull test increases.
HYPOTHESIS (2) with respect to the pull test is accepted based upon





As the absorbtion of the paper test samples increases, the required force
needed to cause separation using the peel test increases.
HYPOTHESIS (2) with respect to the peel test is accepted based upon
the strong correlation coefficients and the positive, linear relation
between the two variables as indicated on the graph.
HYPOTHESIS (3)
As the caliper of the paper test samples increases, the required force
needed to cause separation using the pull test increases.
HYPOTHESIS (3) is accepted based upon the extremely high
correlation figures and the positive curvalinear relation as
depicted by the graph.
HYPOTHESIS (4) - 48 HOURS
As the solid ink density of the printed image is increased, the required
force needed to cause separation using the pull test decreases.
HYPOTHESIS (4) is clearly fails acceptance based upon the low
correlation values and slope values very near zero (0).
HYPOTHESIS (4) - 6WEEKS
As the solid ink density of the printed image is increased, the required
force needed to cause separation using the pull test decreases.
HYPOTHESIS (4) fails acceptance based upon the low correlation
values and slope values very near zero (0).
HYPOTHESIS (4) - 12WEEKS
As the solid ink density of the printed image is increased,
the required
force needed to cause separation using the pull test
decreases.
HYPOTHESIS (4) is not accepted based upon
the low correlation
values and slope values very near zero (0) for
the dull, gloss,
antique paper lots. It fails acceptance for the machine lot since a
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moderate, positive, linear relation is depicted by the graph.
HYPOTHESIS (5) - DULL
As time between tests is increased, the required force needed to cause
separation using the pull test decreases.
HYPOTHESIS (5) with respect to the dull paper lot is not accepted
based upon the low correlation coefficients, as well as the overall
position of the labelled plots on the graph.
HYPOTHESIS (5) - GLOSS
As time between tests is increased, the required force needed to cause
separation using the pull test decreases.
HYPOTHESIS (5)with respect to the gloss paper lot is not accepted
due to the fact that the calculated correlation coefficients are low.
As with the dull paper lot, the position occupied by the first of
the three (3) test times is in a lower relative position than the
later test times.
HYPOTHESIS (5) - MACHINE
As time between tests is increased, the required force needed to cause
separation using the pull test decreases.
HYPOTHESIS (5) with respect to the machine paper lot fails
acceptance based upon the low correlation figures and the
positive, linear slope that was generated.
HYPOTHESIS (5) - ANTIQUE
As time between tests is increased, the required force needed to cause
separation using the pull test
decreases.
HYPOTHESIS (5) with respect to the antique
paper lot is not
accepted based upon the the low correlation figures, as well as
the 48 HOUR depicting the weakest data set.
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GENERAL CONCLUSIONS/RECOMMENDATIONS
The focus of this investigation was to determine the impact a varying
ink treatment had on sheet bindability in an adhesive bound product.
The data collected from this investigation can not support the statement
that a quicksetting ink negatively affects bond integrity at the spine of
an adhesive bound product.
Several points must be reviewed and recommendations made with
reference to this documents major finding. This investigation was seen
as an initial screening study for the problem since the referenced
abstracts and full length German articles closely relating to the
proposed work were unable to be fully gathered and translated.
Therefore, four (4) paper lots, five (5) levels of ink and three (3) test
intervals were included into the the testing system. Alternative test
methods were also studied. As a result of the variables being examined
and the given material and time constraints within the system, sample
sizes were small.
It is easily seen from the collected data dealing with the pagepull tests
that the 1.8 level ink treatment was consistently lower than all other
values. For this investigation, this observation contradicts van Gastel's
findings that random pagepull locations are "insignificant". Tied closely
to the low 1.8 level data is a second observation, that shows the
confidence intervals between the ink treatments and the paper lots as
consistently wide and overlapping. This overlap is the presumed reason
for many of the test sets between a paper lot and the ink levels as being
statistically the same. The wide confidence intervals are believed to be
strongly influenced by the small sample sizes as stated above.
Although this investigation addresses a variety of variables; paper lots,
ink levels, time and testing conditions, it did not specifically address a
fundamental issue of this problem. Is the ink/adhesive chemistry
compatible at the intial bond time and does time influence bond
integrity? The answer may well lie within the
chemical nature of the
materials chosen. However, formulation chemists can not generate one
product for the myriad of possible working conditions or can not
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increase a beneficial property without compromising another property.
As this document was put in final form, further work was planned and
additional information sought. The further work should address the
issue of whether the solvent phase of a quickset vehicle system
influences bond integrity by physically degrading the hotmelt adhesive.
It is also wondered whether the resin system of the ink, which
ultimately binds the pigment to the substrate surface, contributes to
adhesion or if inks used in different printing processes impact adhesion.
As briefly discussed in CHAPTER II, other areas that warrent further
investigation include the print and bind condition and the physical
storage conditions following printing and binding.What are
environmental implications, packaging factors and loading and stacking
down requirements?
To more fully isolate the ink/adhesive interface to each other, one
paper lot or at the most one uncoated and one coated category, should
be used for the initial screening experimentation. At this time the
variability of the paper surfaces provides a valuable view
of the
bindability of various papers, but clouds the issue of ink/adhesive
interaction.
In addition to the ink/adhesive relationships, comes the question of
how to best test the variables. Industry is searching for a way to test
book blocks coming off of a high speed binding line and predict the
future durability of the bond. This investigation did attempt
alternative
test methods to the pagepull and pageflex.
PEEL TEST AS A VALID PREDICTOR
Although this method of creating an adhesive
lamination used the same
hotmelt to bind the book blocks discussed earlier and the same working
temperature range, the mechanics of
adhesive application are not the
same. The binder applys a molten hotmelt versus the
prepared strip,
the application of the adherend is applied through
an upward force and
clamping action
perpendicular to the spine versus a static load on the
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hot plate and the factor of opentime between adhesive and base paper
application versus a packaged lamination, raised doubts as to whether
this method could be used as a valid predictor for an adhesive binding
line.
With further analysis of system differences, the test units have an
adhesive layer of .004-.006 inches over one (1) square inch of paper area.
It is believed this factor is much greater in magnitude than the
adhesive that penetrates between the sheets being bound; which is a
function of surface roughness among others. There is some
disagreement among sources referenced as to the degree of penetration
into the papers interior from the edge, z dimension, of the paper. Some
claim one hundred (100) percent solid adhesives, which characterize
hotmelts, can not penetrate into the paper through the z dimension.
Others contradict that view through the justification that the only
surface of the paper that is exposed to the hotmelt is the edge surface,
therefore, bonding is initiated to the surface. As with the discussion
about the fundamental sources of adhesion, it is the authors opinion
that the major source of area for suitable bond formation is to the
roughened individual sheets of the book block. However, given the
optimum conditions of adhesive temperature and backbone and
clamping pressure by the adhesive applicators and bottom breaker,
respectively, a bonding condition is attainable between the individual
sheets. A conversation with a noted adhesive binding expert in the
United States resulted in the comments that ideally you want to allow
the adhesive to penetrate between the sheets, but that
"luxury"
is not
always achieved in a production setting. Microscopic examination of the
spine section of several book blocks resulted in microphotographs that
could not lend credence to the phenomena of noticable adhesive
penetration between the individual sheets being bound.
NON LAMINATING CONFIGURATION
While observing consistent test unit failure
within the paper structure
a second peel type configuration was developed which did not include a
base paper.With this configuration the hotmelt was poured at the lead
edge of the sheet and drawn across the inked and noninked areas with
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the samemetering technique used to create the adhesive strips.
Initially the force applied was manual. This method does isolate the
adhesive to the immediate bonding surface, with ink or in the absence
of ink. It also more closely represents the binding line in that a molten
hotmelt, with a comparable opentime is incorporated into the system.
However, even with the noted similarities, both peel type tests were
discounted as inappropriate simulations of the binding line and did not
emulate the results of the pagepull test.
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APPENDIX I
CALIPER - TESTINGMACHINES, INC (INCHES) SMOOTHNESS - SHEFFIELD units
DULL GLOSS MACH. ANTQ. DULL GLOSS MACH. ANTQ.
0.0031 0.0032 0.0050 0.0053 48 120 115 240
0.0031 0.0033 0.0051 0.0053 62 21 120 180
0.0031 0.0030 0.0052 0.0051 75 27 125 230
0.0032 0.0032 0.0053 0.0052 45 14 140 240
0.0032 0.0031 0.0050 0.0054 125 22 130 210
0.0032 0.0032 0.0049 0.0053 70 18 122 210
0.0032 0.0031 0.0051 0.0053 62 32 171 231
0.0031 0.0032 0.0050 0.0053 105 28 133 212
0.0033 0.0035 0.0050 0.0053 105 24 156 162
0.0033 0.0032 0.0050 0.0052 53 34 120 195
0.0031 0.0033 0.0054 0.0052 51 24 135 222
0.0032 0.0035 0.0050 0.0051 60 35 123 201
0.0032 0.0033 0.0050 0.0052 70 19 119 202
0.0032 0.0031 0.0051 0.0052 76 25 139 164
0.0033 0.0035 0.0050 0.0053 80 30 142 233
0.0033 0.0033 0.0051 0.0053 52 22 123 253
0.0032 0.0033 0.0050 0.0054 56 25 115 190
0.0032 0.0032 0.0053 0.0052 70 21 132 220
0.0031 0.0035 0.0049 0.0053 63 16 114 210
0.0030 0.0033 0.0051 0.0053 74 27 126 222
0.0031 0.0032 0.0051 0.0054 130 20 103 222
x.0032 x.0033 x.0051 x.0053 x72.95 x24.05 X128.71 X211.86
s.0001 s.0001 s.0001 s.0001 S23.53 s5.49 sl4.87 s23.47























GLOSS 0.11 0.12 0.12
32% abs. 0.11 0.13 0.11
0.10 0.10 0.10
NOTE: all readings above paper (felt side)
ANTQ. 0.42 0.46 0.43
83% abs. 0.43 0.44 0.40
0.44 0.43 0.43
MOISTURE CONTENT (when lots were received)
DULL 4.65% 58%RH 76F
GLOSS 3.80% 53%RH 76F
MACH. 5.58% 57%RH 76F
ANTQ. 5.19% 42%RH 75F
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5% range - 2.09-2.29
KEY: Xt = 8 sample units x 12 readings/sample
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APPENDIX IV





















































































































































refers to the mean pagepull value
's'
refers to the standard deviation of the
raw data points
BOOK BLOCK STORAGE LOG
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APPENDIX V
DATE TIME TEMP.F RH.
5/20/88 3 PM 70 40
5/23/88 3 PM 76 62
6/20/88 12 N 74 57
6/21/88 6 PM 74 61
6/22/88 9 PM 72 68
6/23/88 7 PM 76 48
6/25/88 77 59
6/27/88 5 PM 70 44
6/28/88 7 PM 74 54
6/29/88 4 PM 70 46
7/7/88 6 PM 74 61
7/8/88 75 62
7/10/88 75 66
7/11/88 8 PM 75 70
7/12/88 9 PM 75 70
7/13/88 6 PM 74 61
7/14/88 8 PM 78 75
7/16/88 6 PM 74 82
7/17/88 9 PM 73 73
7/18/88 8 PM 74 74
7/20/88 7 PM 74 78
7/21/88 9 PM 73 73
7/22/88 8 PM 72 69
7/23/88 11 PM 72 77
7/24/88 10 AM 73 78
7/24/88 12N 74 78
7/24/88 3 PM 74 78
7/26/88 6 PM 73 73
7/28/88 4 PM 73 73
7/29/88 5 PM 77 79
7/30/88 6 PM 76 74
8/1/88 11AM 76 66
8/2/88 2 PM 75 66
8/3/88 7 PM 77 87
8/14/88 6 PM 78 79
8/5/88 6 PM 79 75
8/6/88 1PM 77 79
8/8/88 9 PM 75 70
8/9/88 9 PM 77 67
8/16/88 11AM 75 58
8/17/88 7 PM 75 78
8/18/88 11AM 74 61
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STORAGE TIME VS RELATIVE HUMIDITY
STORAGETTME
APPENDIX VI






























5sec lOsec 15sec thrml.bndr
0.60 0.76 0.68 0.70
0.66 0.76 0.65 0.83
0.69 0.68 0.70 0.66
0.73 0.72 0.60 0.65
0.64 0.64 0.58 0.68
0.70 0.61 0.60 0.77
APPENDIX Vn
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FOLDING ENDURANCE - MIT TENSILE TEST - THWING - ALBERT
DULL GLOSS MACH. ANTQ. DULL GLOSS MACH. ANTQ,
67 258 41 87 9.2 8.0 9.8 9.8
125 320 34 41 9.2 8.7 9.8 9.8
67 340 55 30 9.2 7.9 9.4 9.4
83 327 48 59 9.0 8.4 10.0 9.4
46 271 53 *55 9.3 9.2 9.6 9.6
77 255 72 69 9.0 9.2 9.5 9.5
89 417 50 32 9.0 8.4 10.0 9.7
86 261 97 47 9.2 9.2 9.8 9.6
77 54 59 31 9.3 9.4 10.0 9.4
74 498 52 42 9.0 8.7 9.8 9.0
74 167 40 32 9.0 8.8 9.8 9.3
52 250 52 23 9.0 8.9 9.6 9.6
29 374 63 68 9.8 9.2 9.6 9.8
44 274 48 64 9.6 9.0 10.1 9.8
105 343 75 48 9.3 9.4 9.6 9.4
302 297 32 48 9.5 8.9 9.5 9.8
154 117 89 49 9.6 9.2 9.6 9.9
198 245 22 53 9.6 8.9 9.1 10.0
82 266 48 42
x96 x281 x54 x48 x9.3 x8.9 x9.7 x9.6
s62 s98 s 18 sl6 sO.25 s0.43 sO.24 sO.24
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